The impact of solvent extracts from the distillation water (flavoring extracts) isolated from mint flavored candies on the infectivity of the intracellular bacterium Chlamydia pneumoniae was evaluated by an in vitro model of epithelial cell infections. The mint flavoring extracts were isolated from the candies by simultaneous hydrodistillation and their chemical composition, established by GC-MS, demonstrated menthol and limonene as the most abundant components. Results obtained by treating C. pneumoniae elementary bodies (EBs) with the flavoring extracts or pure reference compounds showed a significant decrease in EB infectivity, achieved with most of the extracts. This antichlamydial activity could be related to the relatively high menthol content of the extracts. Overall, the obtained data indicates that the flavorings present in the candies are able to target the metabolically quiet, non-replicating form of the bacterium and to suppress the spread of this respiratory pathogen from one cell to another.
Faced by the challenges of drug resistance and tolerance by pathogenic bacteria, the emphasis of antibacterial drug discovery is shifting from the search of bacterial growth inhibitors to targeting virulence factors and other aspects of infection [1] . Focusing on microbial machineries essential for pathogenicity, a.o. attachment properties or motility, has led to identification of novel types and inspired re-evaluation of previously known antimicrobial agents.
The essential oils of different mint (Mentha) species have been widely studied for their antimicrobial activities, mostly covering their effects on the growth rate of bacteria and fungi [e.g. 2] . Recently, first reports on effects of mint essential oils on bacterial virulence factors such as quorum sensing have appeared [3] , but this area remains still mostly unraveled.
Besides the use of mints in alternative medicine, mint flavoring is extensively applied both in pharmaceutical and food industry. The behavior of mint flavoring in tablets or chewing gums has been addressed by a few studies [e.g. 4] . The qualitative and quantitative composition of mint flavoring in sugar candies and chewing gums originating from Estonia has been studied earlier [5] . However, mint flavored pastilles and chocolates represent matrices in which the composition of mint flavoring has not been characterized. There is no data describing the variability of mint flavoring composition used in candy products originating from various countries.
Chlamydia pneumoniae is a small spherical Gram-negative bacterium that relies exclusively on mammalian cells for replication [6] . This ubiquitous human pathogen is estimated to be the causative agent of 5-10% of community-acquired pneumonias, as well as a wide range of less severe respiratory tract infections. Owing to its replication inside eukaryotic cells, protected by specific membranous structures, the replication phase of C. pneumoniae is challenging to target with chemical inhibitors [7] . Furthermore, several studies indicate that treatment of chlamydial infections with sublethal antibiotic concentrations may lead to bacterial persistence rather than clearance of the infection. On the other hand, the extracellular form of the bacterium, commonly referred as elementary body (EB), would be more accessible to chemical inhibitors, but is metabolically inactive and thus does not respond to the antibiotics targeting bacterial replication.
In our earlier study, the antichlamydial activity of a phenolic extract of Mentha arvensis L. was demonstrated in vitro and in vivo [8] .
The aim of the current work was to study the antichlamydial properties of solvent extracts from the distillation water of mint candies (hereafter referred to as mint flavoring extracts), focusing on the ability to suppress the infectivity of C. pneumoniae EBs.
The flavoring extracts of six commercial mint candies, including pastilles, sugar candies and chocolates, were isolated using simultaneous hydrodistillation. The composition of the mint flavoring extracts was analyzed by GC-MS. The three most abundant components of each mint flavoring extract are presented in Table 1 .
The effect of the flavoring extracts on C. pneumoniae clinical respiratory isolate K7 infectivity was evaluated by treating bacterial EBs with the extracts at a concentration of 2 mg/mL, followed by inoculation of the treated EBs onto human line (HL) epithelial cells monolayers. Potential interference due to decreased HL cell viability upon extract exposure was studied by a resazurin cell viability assay, in which the same sample concentration (2 mg/mL) and exposure time (2 h) as in the EB infectivity assay was used. In addition, the impact of the flavoring extracts on HL cell viability was evaluated using an extended exposure time of 72 h. Table 2 presents the results obtained in the C. pneumoniae EB infectivity assay and the 2 h cell viability assay with the six mint flavoring extracts. While most extracts resulted in a significant yet moderate inhibition of C. pneumoniae infectivity, the extract isolated from candy No. 3 yielded in a full inhibition of C. pneumoniae EB infectivity. However, as the cell viability assay indicated that this sample had a moderate effect on HL cell viability, the flavoring extract was studied also at a concentration of 1 mg/mL. As shown in Table 2 , this lower concentration did not decrease HL cell viability upon 2 h exposure but did suppress C. pneumoniae infectivity by >90%. Regarding the chemical composition, the flavoring extract from candy No. 3 differed from the other extracts as it contained limonene as the main component. The other flavoring extracts contained menthol in the highest concentrations (Table 1) .
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To determine the mint components responsible for the inhibitory effects of the flavoring extracts, a set of pure reference compounds, representing the main components of the extracts, was assayed in the C. pneumoniae EB infectivity and cell viability assay. Table 3 presents the data obtained from these experiments, indicating that menthol decreased C. pneumoniae infectivity at a degree comparable to that observed with the extracts, i.e. causing moderate inhibition at the concentration of 1 mg/ml. No significant difference (statistical significance evaluated with unpaired t-test) in the inhibitory activity was observed between (+)-and (-)-enantiomers of menthol. In contrast, the inhibitory activity of menthone was found to be higher with the naturally occurring (-)-menthone than with the racemate. However, the content of menthone in the studied mint flavorings is relatively low (Table 1) , and is thus not likely to have a significant role in the inhibitory activity of the flavoring extracts.
Consistent with earlier findings [9, 10] , our resazurin assay data indicated that both menthofuran and limonene have harmful effects on cell viability (Table 3) , and the specificity of their observed inhibitory effect as pure substances on C. pneumoniae is therefore of question. The toxicity aspect was further studied in an extended cell viability assay using 72 h exposure time. Here, flavoring extract No. 3 did cause full destruction of HL cell viability at the concentrations of 1 mg/mL and 2 mg/mL ( Figure 1A) , consistent with the data for limonene standard ( Figure 1B ). Neither the flavoring extract No. 2, containing the minor amount of menthofuran, nor any of the other extracts decreased cell viability upon the 72 h exposure ( Figure 1A ).
When looking on the dose of 2 mg/mL extract, menthofuran was found in the extract No 2 in the concentration of 0.14 mg/mL (7.2%, Table 2 ). Similarly, 1 mg/mL sample of the flavoring extract No. 3 has a limonene content of 0.66 mg/mL, which falls into the range of concentrations of the pure limonene sample (Table 3) . These results indicate that the harmful effects of menthofuran and limonene are less pronounced when they are present in the extracts as a mixture of numerous components than as pure substances alone.
When comparing the LogK ow values (octanol-water partition coefficient) of different terpenes it can be seen that by far the most hydrophobic of the studied compounds is limonene (LogK ow = 4.58), hence it is able to pass the cellular membranes by passive diffusion most easily. Menthol has a LogK ow value of 2.78 and menthofuran as low as 0.80. In the presence of high content of menthol in the extract No. 2, the less hydrophobic menthofuran may not be able to pass the membranes [11] . In pure state there is no competition for entering the cell and menthofuran can easier pass the cell membrane. Considering the relatively high sample concentrations in this case, the law of mass action becomes marked when cells are influenced by a multicomponent mixture.
Another observation related to the relationship of the chemical composition and the inhibitory activity of the extracts was the difference between the impacts on C. pneumoniae EBs between the two chocolate-derived flavoring extracts No. 5 and 6. Despite rather similar chemical composition (Table 1) , these two samples resulted in EB infectivity values with a statistically significant difference ( Table 2 ; statistical significance evaluated with unpaired t-test, p<0.05). These findings illustrate the potential impact of the original matrix on the results. Within the isolation of the flavoring extracts, any volatile hexane-soluble components of the candy material may be extracted and can potentially contribute to the biological activity of the samples. Taking into account that both these samples originate from chocolates, short-chain fatty acids may represent one potential interfering factor.
To summarize, the hydrodistilled mint flavoring extracts decreased the infectivity of C. pneumoniae and menthol present in the extracts seems to be at least partially responsible for the observed effects. While several earlier studies have reported the effect of menthol on bacterial growth [e.g. 12], the current work represents the first report on the impact of menthol on intracellular bacteria. The experimental setup applied in this study involved the extracellular, non-replicating form of the bacterium as the target, demonstrating that the studied flavoring extracts or the reference standards were able to interfere with this bacterial form known to be critical for the spread of the infection between host cells.
Earlier studies on monoterpenes indicate that the antibacterial effects of these compounds represent a multitargeted biological activity involving also variation between different monoterpenes [12, 13] . Regarding menthol, disruption of bacterial lipid membranes has been suggested as one mechanism mediating the effects. C. pneumoniae EBs carry unique morphological feature but do harbor an outer membrane typical to all Gram-negative bacteria.
Interference with this structure could potentially have a profound impact on the ability of the extracellular form of the bacterium to maintain its structural integrity or the capacity to attach and enter its host organism. Whether the ability of menthol and the mint flavoring extracts to suppress C. pneumoniae infectivity is related to targeting the membranes or not, the presented data demonstrates the impact of these substances on this non-replicating form of the bacterium and thus widens our knowledge on their antibacterial properties.
Experimental
General: Simultaneous hydrodistillation using a Marcusson's type microapparatus with n-hexane as a trap was used to isolate the mint flavoring extracts. The composition of the extracts was analyzed using an Agilent 7890 combined with Agilent 5975C TAD MassSelective Detector (GC/MS) with the Triple-Axis High Energy Diode (HED) Electron Multiplier (EM) (Agilent Technologies, CA,, US) detector. 
GC-MS analysis: DB-5 capillary column
[(5%-phenyl) methylpolysiloxane, 30 m × 0.25 mm, film thickness 0.25 μm] by Agilent Technologies (CA, US) was used for the GC-MS analyses. The oven temperature was programmed from 50 to 240°C at 2°C/min with the injector temperature of 300°C. The carrier gas was helium, with a split ratio of 1:30 and flow rate of 1.3 mL/min. The identification of the flavoring extract components was accomplished by spectra using commercial spectral libraries NIST 11, Scientific Instrument Services Inc. (US) and FFNS 2 Wiley Library (US). Identification of compounds was confirmed by retention indices (RI) of reference standards and several literature data. The composition of the extracts was calculated as the percentage from peak areas using normalization method without correction factors. Relative standard deviation of percentages of oil components in three repeated GC analyses of single oil sample did not exceed 5%.
Cell cultures:
Human epithelial HL cells were cultured in RPMI-1640 medium supplemented with 2 mM L-glutamine, 7.5% FBS, all purchased from BioWhittaker, Lonza (Basel, Switzerland), and 20 µg/mL gentamicin (Fluka, Buchs, Switzerland). For viability assays the cells were seeded into 96-well plates to a density of 6  10 4 cells per well and for antichlamydial assays into 24-well plates with coverslips to a density of 4  10 5 cells per well, and incubated overnight before used for the experiments. All the incubations at 37°C were performed in 5% CO 2 and 95% humidity. 
Cell viability assay:
The impact of the distilled mint flavoring extracts and the pure reference compounds on HL cell viability was studied using a resazurin assay. Upon exposure, the HL cell medium was replaced with a fresh aliquot of medium containing the samples or the positive control usnic acid (Aldrich, Switzerland) at concentrations inficated for each experiment. The concentration of DMSO (Sigma-Aldrich, St. Louis, MO, US) used as a vehicle was adjusted to 1%. The plates were tightly covered with an adhesive polyurethane film (Diversified Biotech, Dedham, US) to avoid sample evaporation and after 2 h or 72 h incubation at 37°C the resazurin staining was performed as previously described [14] .
C. pneumoniae elementary body (EB) infectivity assay: C. pneumoniae infectivity was studied as recently described [15] . Briefly, C. pneumoniae epidemic strain K7 was diluted in HL cell culture medium supplemented with 1 g/mL cycloheximide (Sigma-Aldrich, St. Louis, MO, US). Flavoring extracts and reference compound stock solutions were added into the EB suspension aliquots to yield the final concentrations indicated for each experiment, and incubated for 1 h at 4°C. HL cell monolayers were then inoculated with the suspensions by applying a multiplicity of infection (MOI) of 0.1. The plates were tightly covered with an adhesive polyurethane film, centrifuged at 550  g for 1 h at RT and further incubated at 37°C for 1 h. Then, the inoculum was removed and fresh cycloheximide-supplemented medium was added. The plates were covered with an original plate lid and incubated at 37°C for 72 h, after which the medium was removed, cells were washed with PBS and fixed with methanol (Sigma-Aldrich, St. Louis ,MO, US) . To visualize the infections, the coverslips were stained with a FITC-conjugated genus-specific anti-LPS antibody Pathfinder (Bio-Rad Laboratories, Inc. France). Inclusion counts were determined under an Evos FL fluorescence microscope (Advanced Microscopy Group, US) using 20  magnification. Results are expressed as the mean/SEM of a total of 24 eyefields (four coverslips) from two individual experiments. Table presenting percentage composition (%) and origin of mint flavoring extracts.
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